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A B S T R A C T

Purpose
Patients with advanced, incurable thyroid cancer not amenable to surgery or radioactive iodine
(131I) therapy have few satisfactory therapeutic options. This multi-institutional study assessed the
activity and safety of axitinib, an oral, potent, and selective inhibitor of vascular endothelial growth
factor receptors (VEGFR) 1, 2, and 3 in patients with advanced thyroid cancer.

Patients and Methods
Patients with thyroid cancer of any histology that was resistant or not appropriate for 131I were
enrolled onto a single-arm phase II trial to receive axitinib orally (starting dose, 5 mg twice daily).
Objective response rate (ORR) by Response Evaluation Criteria in Solid Tumors was the primary
end point. Secondary end points included duration of response, progression-free survival (PFS),
overall survival, safety, and modulation of soluble (s) VEGFR.

Results
Sixty patients were enrolled. Partial responses were observed in 18 patients, yielding an ORR of 30%
(95% CI, 18.9 to 43.2). Stable disease lasting � 16 weeks was reported in another 23 patients (38%).
Objective responses were noted in all histologic subtypes. Median PFS was 18.1 months (95% CI,
12.1 to not estimable). Axitinib was generally well tolerated, with the most common grade � 3
treatment-related adverse event being hypertension (n � 7; 12%). Eight patients (13%) discontinued
treatment because of adverse events. Axitinib selectively decreased sVEGFR-2 and sVEGFR-3 plasma
concentrations versus sKIT, demonstrating its targeting of VEGFR.

Conclusion
Axitinib is a selective inhibitor of VEGFR with compelling antitumor activity in all histologic
subtypes of advanced thyroid cancer.

J Clin Oncol 26:4708-4713. © 2008 by American Society of Clinical Oncology

INTRODUCTION

Thyroid cancer is the 17th most common cancer
worldwide; in 2002, the estimated incidence was
more than 141,000 cases, more than three quarters
of which occurred in women, with an estimated
annual mortality of more than 35,000.1 The inci-
dence and mortality rate of thyroid cancer in the
United States are increasing for reasons that are un-
clear but may be a reflection of changing pathologic
criteria or improved diagnosis.2 Although prognosis
is generally good, with long-term survival rates typ-
ically better than 90%, patients who present with or
develop advanced or refractory thyroid cancer rep-
resent an important health care challenge.3-5

Differentiated thyroid cancers (DTC), includ-
ing papillary and follicular subtypes, account for
90% of thyroid malignancies, with some variants,
particularly Hürthle and insular cell, being associ-

ated with more aggressive disease. Thyrocytes can
also give rise to anaplastic thyroid cancer, which is
rare (2% of thyroid cancers) but carries a poor prog-
nosis.6 Medullary thyroid cancer (MTC) originates
from parafollicular, calcitonin-producing cells and
accounts for 3% to 5% of thyroid cancers but a
disproportionate degree of mortality.

Patients with advanced thyroid cancer can
sometimes undergo additional surgery with curative
or significant palliative intent. Patients with iodine-
avid disease from differentiated thyroid cancer may
continue to receive periodic courses of radioactive
iodine (131I). Many advanced thyroid cancers will
eventually develop lack of iodine avidity, making
chemotherapy the only viable option for systemic
treatment. Doxorubicin is an approved therapy
for incurable thyroid cancer based on response
rates of 10% to 37%7,8 but has myelosuppressive and
cardiac toxicities. Patients with advanced thyroid
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cancer that is iodine-refractory or iodine nonavid are either offered
doxorubicin or referred for experimental therapies, usually phase I
trials, underscoring the absence of useful therapies for this disease.

A common element to thyroid cancers is their associated vascu-
larity, with elevated levels of vascular endothelial growth factor
(VEGF) compared with normal thyroid tissue.9-11 Microvessel density
is also higher in papillary thyroid cancer than in normal thyroid.12 In
human thyroid tumor specimens, VEGF levels are correlated with
stage, large tumor size, nodal involvement, extrathyroidal invasion,
and distant metastasis.13 VEGF levels in papillary thyroid cancer are
also correlated with risk of recurrence and inferior recurrence-free
survival.14 It is well known that follicular thyroid cancer metastasizes
hematogenously early in the disease process. Finally, increased expres-
sion of VEGF-C, which stimulates lymphangiogenesis via VEGF re-
ceptor (R) –3, is correlated with lymph node metastases in papillary
thyroid cancer.15 Together, these observations support evaluation of
axitinib in this disease.

Axitinib (AG-013736) is an oral, potent, and selective inhibitor of
VEGFRs 1, 2, and 3. Axitinib was more than 10-fold less potent for
inhibiting platelet-derived growth factor receptor beta (PDGFR�)
and c-KIT in cell-based assays. The relative selectivity for VEGFRs has
been confirmed in in vivo pharmacokinetic and pharmacodynamic
assays,16 with affinities (� nM) against other tyrosine kinases such as
PDGFR� and c-KIT reported in abstract form16 and submitted for
publication (Dana Hu-Lowe, Pfizer Inc, data on file). Preclinical stud-
ies demonstrate that axitinib rapidly and selectively inhibits VEGF-
dependent fenestrations and VEGFR-2 and -3 expression in
endothelial cells and blocks angiogenesis and tumor blood flow in
preclinical tumor models.17-20 Concomitant studies producing simi-
lar results by VEGF-Trap support the contention that axitinib exerts
its antiangiogenic activity by inhibiting VEGF receptor signaling.17 A
phase I trial of 36 patients with advanced solid tumors identified
axitinib 5 mg twice daily as the starting clinical dose at which side
effects were tolerable.21 Pharmacokinetic analyses showed that ax-
itinib was rapidly absorbed, with peak plasma concentrations 2 to 6
hours after dosing.21 On the basis of the recognized importance of
angiogenesis in thyroid cancer and preliminary evidence of antitumor
activity, the activity of axitinib was investigated in this phase II trial.

PATIENTS AND METHODS

Patients

Patients with documented advanced thyroid cancer (papillary, follicular,
anaplastic, or medullary) aged � 18 years were eligible for this study if they met
the following criteria: disease not controlled by 131I, or disease for which 131I is
not an appropriate therapy; at least one Response Evaluation Criteria in Solid
Tumors (RECIST) –defined target lesion that has not been externally irradi-
ated; Eastern Cooperative Oncology Group performance status of 0 or 1;
adequate bone marrow, hepatic, and renal function; and urinary protein less
than 2� by urine dipstick. Major exclusion criteria included the presence of
central lung lesions involving major blood vessels; history of hemoptysis;
preexisting uncontrolled hypertension defined as more than 140/90 mmHg
despite adequate medical therapy; gastrointestinal abnormalities, including
inability to take oral medication or malabsorption syndrome; previous treat-
ment with antiangiogenesis agents; need for use of known potent CYP3A4
inhibitors or inducers; and history of malignancy other than thyroid cancer.

The study was approved by the institutional review board at each of the
participating centers and was performed in accordance with the Declaration of
Helsinki and Good Clinical Practice Guidelines. Written, informed consent

was obtained from all patients before study entry. This trial is registered on the
clinical trials site of the United States National Cancer Institute Web
site (http://www.clinicaltrials.gov/ct/show/NCT00094055).

Study Treatment

Axitinib was administered orally at a starting dose of 5 mg twice daily.
Patients who tolerated axitinib with no grade 2 or worse treatment-related
adverse events according to the Common Terminology Criteria for Adverse
Events version 3.0 (CTCAE v3.0) for consecutive 2-week periods could have
their dose increased to 7 mg twice daily (and again to 10 mg twice daily), unless
blood pressure was more than 150/90 mmHg or the patient was receiving
antihypertensive medication. Those patients experiencing CTCAE v3.0 grade
2 toxicity or worse had their dose reduced to 3 mg twice daily (and again to 2
mg twice daily, if necessary). To assess compliance, patients were required to
maintain diaries and include missed or changed doses. Axitinib treatment was
continued until disease progression, unacceptable toxicity, or withdrawal of
consent. Subsequent therapy was at the discretion of the investigator.

Assessment

Physical examinations and laboratory tests were performed at baseline
and then repeated every 4 weeks. In addition, patients were provided with a
blood pressure monitoring device and were instructed to measure their blood
pressure twice daily before each dose and to notify their physician if blood
pressure was more than 150/100 mmHg.

Tumor assessments were performed at baseline and every 8 weeks using
RECIST. Response (complete response/partial response) had to be confirmed
at least 4 weeks after first noted. Adverse events were reported and graded
according to CTCAE v3.0.

Table 1. Demographics and Baseline Characteristics (n � 60)

Characteristic No. %

Age, years
Median 59
Range 26-84

Race/ethnicity
White 47 78
Black 5 8
Hispanic 5 8
Asian 3 5

Male sex 35 58
ECOG performance status

0 24 40
1 36 60

Histology
Papillary 30 50
Follicular/Hürthle cell variant 15/11 25/18
Medullary 11 18
Anaplastic 2 3
Other� 2 3

Current disease stage
IV 30 50
Recurrent 30 50

Received previous treatment 56 93
Surgery 52 87
Radiotherapy 49 82
131I 43 72
Chemotherapy 9 15
Investigational therapy 5 8
Chemotherapy/immunotherapy 1 2
Immunotherapy, biologic 1 2
Other 8 13

Treatment-naive 4 7

Abbreviations: ECOG, Eastern Cooperative Oncology Group; 131I, radioac-
tive iodine.

�One patient each had insular carcinoma and neuroendocrine carcinoma.
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Plasma Soluble Protein Biomarkers

Plasma samples were collected before dosing every 8 weeks (day 1, day
57, day 113, and so on) to assess effects of axitinib on soluble proteins as
pharmacodynamic markers of the inhibition of VEGFR-mediated signaling.22

Each soluble protein was analyzed with enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, MN). Briefly, (VEGF)-A ELISA
assay measures VEGF-A165 and VEGF-A121 isoforms. Soluble (s) VEGFR-2
was quantified with an ELISA that measures the extracellular (soluble) domain
of VEGFR-2. Similarly, an ELISA kit that measures the extracellular (soluble)
domain of VEGFR-3 and KIT (stem-cell factor receptor) was used. Both
sVEGFR-2 and sVEGFR-3 assays were calibrated against recombinant pro-
teins consisting of the full-length extracellular domain of the respective recep-
tors; no cross-reactivity or interference was detected between the two
receptors. ELISA assays were run by Alta Analytic (San Diego, CA) under
Good Laboratory Practice conditions, and performance specifications of each
ELISA were validated for their intended purpose per established guidelines.23

Soluble protein plasma concentrations were analyzed with Microsoft
Excel. Differences with P � .05 from baseline results were considered statisti-
cally significant (Student’s paired t test).

Statistical Analysis of Response to Therapy

Sample size was based on a two-stage Simon minimax design24 to eval-
uate the null hypothesis that the true objective response rate (ORR) was 5%
and the alternative hypothesis that the ORR was � 20%, with a type I error (�)
level of 0.10% and type II error (�) of 0.10. Thyroid cancer responds poorly to
conventional therapy, and low response rates were set. With this design, there
was target accrual of 18 patients in stage 1, with an additional 14 patients to be
enrolled in stage 2 if one or more responses were observed. There was a
maximum enrollment of an additional 28 patients for further assessment of
safety and efficacy if four or more responses were observed in the first and
second stages. Duration of response and progression-free survival were as-
sessed, and 95% CIs for the medians were provided. Demographic data were
analyzed by summary statistics.

RESULTS

In total, 60 patients were enrolled. The demographics and baseline
characteristics are listed in Table 1. The median age of patients was 59
years (range, 26 to 84 years); 47 (78%) of 60 of the study participants
were white and 35 (58%) of 60 were male. The most common type of
thyroid cancer was papillary, accounting for 30 (50%) of 60 cancers.
Almost all patients (56 of 60 patients, 93%) had received previous
treatment; the most common previous treatments were surgery (52 of
60 patients, 87%), radiotherapy (49 of 60 patients, 82%), 131I (43 of 60
patients, 72%), and chemotherapy (nine of 60 patients, 15%).

Fifteen patients (25%) were ineligible for response assessment
(eight patients did not meet any response criteria, and postbaseline
data were missing for seven patients). A partial response was observed
in 18 patients, giving an overall ORR of 30% (95% CI, 18.9% to
43.2%) in an intent-to-treat analysis. Response to treatment by inves-
tigator assessment is listed in Table 2. Stable disease was reported in an
additional 23 patients (38%), and four patients (7%) had progressive
disease as best response. There was no apparent association between
response rate and histology (Table 3). As shown in Figure 1, most
patients experienced some tumor shrinkage during axitinib treat-
ment. The median duration of response has not yet been reached. Of
those patients who initially responded, 13 patients (72%) have not yet
experienced disease progression and are alive. Of the nine patients
treated with prior chemotherapy (of whom seven patients had re-
ceived prior doxorubicin), a partial response was observed in five
patients, with a maximum tumor regression range of 36% to 54%,
stable disease in two patients, and progressive disease in two patients
(Table 4).

With a median follow-up of 16.6 months (95% CI, 15.0 to 21.2
months), 25 patients (42%) have experienced disease progression or
died. The median progression-free survival is 18.1 months (95% CI,
12.1 to not estimable). Forty-two patients (70%) are still alive, and
median overall survival has not yet been reached (95% CI, 20.8 to not
estimable; Fig 2).

Table 2. Response to Treatment: Investigator-Assessed Response

Response No. %

CR 0 0
PR 18 30
SD 23 38
PD 4 7
IND 8 13
Missing 7 12
Objective response rate 18 30

95% CI 18.9 to 43.2

Abbreviations: CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; IND, indeterminate (includes eight patients
who did not meet any response criteria and seven patients without postbase-
line scans).

Table 3. Response to Treatment by Histology

Histology

No. of Patients

PR SD PD IND

Papillary, n � 30 8 12 2 8
Follicular, n � 15 6 7 1 1
Medullary, n � 11 2 3 0 6
Anaplastic, n � 2 1 0 1 0
Other, n � 2 1 1 0 0

Abbreviations: PR, partial response; SD, stable disease; PD, progressive
disease; IND, indeterminate (includes eight patients who did not meet any
response criteria and seven patients without postbaseline scans).
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Fig 1. Maximum percentage of tumor reduction for target lesions by Response
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The median duration of axitinib therapy was 4.8 months (range,
0.07 to 24.5 months). The median daily dose of axitinib was 9.87 mg
(range, 2.1 to 13.6 mg), with eight patients being dose-escalated to
receive � 7 mg twice per day. In total, 32 patients discontinued
axitinib treatment. Of these, 10 patients (17%) discontinued treat-
ment because of lack of efficacy, eight patients (13%) discontinued
treatment because of adverse events (including hemoptysis, protein-
uria, headache, pericardial effusion, dysphagia, and dyspnea), four
patients died of causes related to adverse events (not considered re-
lated to study treatment), and the remainder discontinued treatment
for other causes. In addition, the axitinib dose was reduced in 23
patients (38%) because of adverse events, most commonly fatigue,
hematuria, and diarrhea.

The most common treatment-related adverse events occur-
ring in � 20% of patients are listed in Table 5 and were fatigue
(30 of 60 patients, 50%), diarrhea, (29 of 60 patients, 48%), nausea
(20 of 60 patients, 33%), anorexia (18 of 60 patients, 30%), hyper-
tension (17 of 60 patients, 28%), stomatitis (15 of 60 patients,
25%), weight decrease (15 of 60 patients, 25%), and headache (13
of 60 patients, 22%). A total of 19 patients (32%) reported at least
one grade � 3 treatment-related adverse event. Three patients
experienced grade 4 toxicity that resolved in all cases (one case each
of stroke, reversible posterior leukoencephalopathy syndrome re-
lated to hypertension, and proteinuria).

The effect of axitinib on soluble proteins as exploratory pharma-
codynamic markers was also studied. Baseline concentrations of

VEGF, sVEGFR-2, sVEGFR-3, and sKIT in blood (mean � standard
deviation) were 69 � 47 (n � 36), 9,029 � 1,909 (n � 36), 38,574 �
13,627 (n � 27), and 51,994 � 11,227 pg/mL (n � 36), respectively.

Treatment with axitinib led to a 2.8-fold increase in mean
VEGF concentrations that generally plateaued by week 12 (P �
.0001; data not shown). In contrast, axitinib produced a 32%
decrease in mean sVEGFR-2 concentrations (P � .001), 35% de-
crease in mean sVEGFR-3 concentrations (P � .0001), and 13%
decrease in mean sKIT concentrations (P � .01) in blood by week 12
compared with baseline (Fig 3A). The decrease in soluble VEGFR
plateaued within the first 12 weeks of treatment and was sustained for
the duration of therapy in most patients. Given the paucity of patients
with progressive disease, it was not possible to make a definitive
assessment of the potential correlation of changes in sVEGFR-2 or
sVEGFR-3 with objective response. However, these data demonstrate
the selectivity of axitinib for modulating soluble VEGFRs versus sKIT
in patients with thyroid cancer.

Calcitonin and thyroglobin were both measured in subsets of
patients in this study. Carcinoembryonic antigen was not measured.
Calcitonin was measured in seven patients with MTC: two patients
with progressive disease, three patients with stable disease, and two
patients with partial response (Fig 3B). The number of patients is small
and from this data set show that patients with progressive disease did
not have a change in calcitonin concentrations; those with partial

Table 4. Response to Treatment in Patients Receiving Prior Chemotherapy

Patient Prior Chemotherapy Treatment Duration (months) Best Response Tumor Regression on Axitinib (%)

1 Doxorubicin 2 PR �54
2 Liposomal doxorubicin � docetaxel 2 PR �40
3 Irinotecan � thalidomide 3 PR �36
4 Doxorubicin followed by single-agent cisplatin 6/3 PR �50
5 Ecteinascidin � liposomal doxorubicin 10 PR �54
6 Paclitaxel 4 SD �14
7 Liposomal doxorubicin 4 SD �42
8 Doxorubicin 2 PD 30
9 Doxorubicin � cisplatin 1/unknown PD 26

Abbreviations: PR, partial response; SD, stable disease; PD, progressive disease.
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Table 5. Summary of Treatment-Related Adverse Events

Adverse Event

Total Grade � 3

No. % No. %

Fatigue 30 50 3 5
Diarrhea 29 48 2 3
Nausea 20 33 0 0
Anorexia 18 30 0 0
Hypertension 17 28 7 12
Stomatitis 15 25 0 0
Weight decrease 15 25 2 3
Headache 13 22 2 3
Proteinuria 11 18 3 5
Hand-foot syndrome 9 15 0 0
Rash 9 15 0 0
Vomiting 8 13 0 0
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response had a marked decrease in calcitonin concentrations, and
patients with stable disease had a slight decrease in calcitonin.

Thyroglobulin was measured in two patients with progressive
disease, 11 patients with stable disease, and eight patients with
partial response (Fig 3C). The preliminary assessment demon-
strates that most patients, regardless of their clinical response to
therapy, had initial decreases in thyroglobulin. However, because
of the small number of patients with progressive disease in this
trial, no definitive conclusions could be made for either calcitonin
or thyroglobulin with regard to their utility as potential biomarkers
of response to axitinib.

DISCUSSION

These results demonstrate that axitinib is active in all histologic sub-
types of metastatic thyroid cancer, with an observed ORR of 30%. An

additional 38% of patients experienced stable disease for 16 weeks or
more by RECIST, and the median progression-free survival time in
excess of 18 months also suggests that axitinib is efficacious. These
results are notable given that the majority of patients were men and
had metastatic disease, which are risk factors for poor prognosis. There
clearly exists a subset of patients with refractory, advanced DTC or
MTC whose disease will progress slowly, making uncontrolled reports
of progression-free survival difficult to interpret. Studies evaluating
chemotherapy regimens in either DTC or MTC have observed median
progression-free survival durations of 5 to 6 months, suggesting that
axitinib therapy would compare favorably in this regard.25,26

In addition to the clinical activity observed, dramatic effects on
VEGF, sVEGFR-2, and sVEGFR-3, along with minimal effects on
sKIT, indicate that axitinib behaves as a selective VEGFR inhibitor.
This finding of minimal effect on sKIT contrasts with sunitinib, where
sKIT was found to be markedly decreased.27 The decrease in sVEGFR
occurred within the first 12 weeks of treatment and was sustained for
the duration of therapy in most patients. Additional studies examining
the effects of axitinib on sPDGFR concentrations would further con-
firm the VEGFR selectivity of the compound in patients with cancer.

In general, treatment with axitinib was well tolerated. Adverse
events included fatigue, diarrhea, nausea, anorexia, hypertension, sto-
matitis, and proteinuria, a side effect profile consistent with data from
the phase I study of axitinib and its mechanism of action.21 Hyperten-
sion has been observed with other VEGF-targeting agents and under-
scores the inhibitory effect of axitinib against VEGFRs. Importantly,
the patients who experienced hypertension were generally managed
with standard antihypertensive medication, and no episodes of hyper-
tension led to permanent study discontinuation. Bleeding, another
adverse event associated with anti-VEGF agents, was uncommon
(10%), and all events were grade 1.

Other multitargeted tyrosine kinase inhibitors are being studied
in advanced thyroid cancer, including motesanib diphosphate28 (an
inhibitor of VEGF, PDGF-�, KIT receptors, and RET), sorafenib29

(an inhibitor of Raf, VEGFR, PDGF-�, c-KIT, and RET), and vandet-
anib30 (ZD6474, an inhibitor of VEGFR and EGFR). The latter is
currently being studied in MTC. Although the single-arm design of
the present study does not allow our results to be compared directly
with historical controls or with results obtained with other agents, the
high response rate and substantial duration of effect with axitinib are
noteworthy. For example, in a phase II study of motesanib diphos-
phate in patients with progressive thyroid cancer, an ORR of 12% (by
independent review) was reported.28 A small study (19 assessable
patients) of sorafenib in thyroid cancer reported a response rate of
26% (all patients except one had papillary thyroid cancer).29 A com-
mon mechanistic theme among these agents is inhibition of VEGFR
pathways, providing preliminary validation of antiangiogenesis as an
approach for the treatment of this disease.

In conclusion, axitinib has significant antitumor activity in all
histologic subtypes of thyroid cancer, as evidenced by the high re-
sponse rate, prolonged duration of response, and overall survival.
Modulation of sVEGFR-2 and sVEGFR-3 by axitinib demonstrates
the selectivity of this oral inhibitor against VEGFRs. Together with a
generally favorable safety profile, the data suggest that axitinib may
represent a useful option for a refractory thyroid cancer patient pop-
ulation with few therapeutic options. These results also validate the
therapeutic efficacy of VEGFR inhibition in patients with advanced
thyroid cancer. Confirmation of these data in a larger trial is needed to
further evaluate axitinib in patients with thyroid cancer.
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